Abstract: Evaluation of the fetal face with 3-dimensional ultrasound allows for evaluation of the fetal face using surface rendering, multiplanar and multislice displays. Three-dimensional ultrasound offers many benefits in evaluating the fetal face because it can be rotated into a standard symmetrical orientation and reviewed millimeters by millimeters by scrolling through the volumes. New rendering tools now allow imaging of the hard palate. Clinical applications where 3-dimensional ultrasound adds value as an adjunct to 2-dimensional ultrasound imaging that are reviewed in this paper include cleft lip and palate, micrognathia and other profile abnormalities, metopic suture abnormalities, presence and absence of the nasal bones, orbit abnormalities, and ear abnormalities. In addition, the literature regarding parental bonding to the fetus after viewing 3-dimensional images of their fetuses is reviewed.
valuation of the fetal face with 3-dimensional (3D) ultrasound allows the patient and physician to see the forehead, eyes, nose, lips, and chin in a single frontal rendered image ( Fig. 1 ) that is easy to recognize. Pretty faces are the basis of identification of facial anomalies, both with rendered and multiplanar imaging. Sonographers, physicians, and other health care providers that perform ultrasound examinations should understand the techniques available to examine the fetal face with 3D ultrasound (3DUS) as well as 2-dimensional (2D) ultrasound. Rendered images allow the face to be displayed as a curved structure, whereas multiplanar image displays show 3 perpendicular planar images of the face that are similar to conventional 2D imaging.
CLEFTING OF THE LIP AND PALATE
Fetal cleft lip and palate occur in approximately 1 per 1000 infants born in the United States. 1 The accurate prenatal diagnosis of this condition can aid with the prognosis and management of this condition. Characterization of the extent of clefting allows for counseling of parents and preparation for a significant anomaly. Conventional (2D ultrasound [2DUS]) has been used to make initial diagnosis of cleft lips and primary palate. The detection rate has been reported to range from 20% to 30%. 2 However, clefts of the hard or secondary palate and of the soft palate are difficult to visualize with this modality. Three-dimensional ultrasound has recently been used to improve detection of cleft palate. Different rendering techniques have been proposed to aid in the detection of clefting particularly of the secondary palate.
PRIMARY PALATE
Imaging of the lips and primary palate are now commonly included in the evaluation of fetal anatomy performed in the midtrimester; the 2007 American Institute of Ultrasound Medicine Guidelines now recommend that the lip be evaluated on all fetuses. Conventional 2DUS can detect clefting involving the lips; however, shadowing and artifact can make detection of associated clefts involving the primary palate difficult. This is important in regard to management because approximately 80% of clefts of the lip involve the primary palate. 3 Three-dimensional ultrasound has allowed for improvements in the visualization of the primary palate. Multiplanar reconstruction has allowed for the visualization of the face in the sagittal, axial, and coronal planes. The rendering mode has allowed for the visualization of the soft tissues of the face and the bony alveolar ridge. Multislice reconstructions of 3D volumes display data in parallel slices similar to magnetic resonance imaging. This modality allows clear visualization of the primary palate and distinction from the mandible (Fig. 2) . 4 
SECONDARY PALATE
Complete evaluation of the palate including both the primary (alveolar ridge) and the secondary palate (hard and soft palate) is difficult. The secondary palate has 2 anatomical components: the hard palate runs posterior and horizontal from the alveolar ridge, whereas the soft palate continues posteriorly and backward in a curved manner ending in the uvula. 5 Isolated clefting of the secondary palate have been reported in 25% to 80% of cases. 5 Isolated clefting of either of the 2 components can occur. Clefting of the soft palate is easily missed prenatally and even on postnatal evaluation. Several different techniques to improve the visualization of these structures have been introduced including the flipped face 6 and reverse face view. 7 The flipped face technique allows for evaluation of the hard palate by obtaining a volume in the sagittal plane, visualizing a profile, and then flipping that profile on its head. 6 The cursor dot is then placed in the palate region, and the palate is rendered with a thin box. The image displayed is a rendered axial image of the primary and secondary palate. This allows for systematic visualization of all components of the primary and secondary palate. In our center, we have used a modification of this technique in which the face is kept upright, and a curved thin render box is used to view the hard palate from the inferior aspect of the maxilla (Figs. 3, 4) . The initial volume is acquired slightly obliquely from the inferior aspect of the maxilla, pointing upward. We have successfully imaged the hard palate using this modification that we find more intuitive because of the upright orientation of the face.
The reverse face view technique developed by Campbell et al 7 to evaluate the hard palate entails obtaining a slow 3D sweep of a fetal profile. This is then rotated 180 degrees to a coronal view, and the volume is then scrolled from back to front. This allows the secondary palate to be viewed in coronal plane while avoiding shadowing from the maxilla. With this technique, 7 cases of clefts were correctly identified; however, 1 cleft of the soft palate was missed. 7 This technique relies on obtaining optimal fetal profiles because oblique views did not allow for optimal visualization.
Rotten and Levaillant 2 took a systematic approach on 96 cases of cleft lip and palate, with the hopes of identifying the anatomical region involved. They noted that imaging the maxilla in the axial view and the lips (anteriorly) and secondary palate (posteriorly) in the coronal view provided the diagnosis in 84 cases of cleft lip and palate. In 8 cases (5 of them involving the secondary palate), the diagnosis was missed 2 ; 4 false-positive cases were due to artifact, mainly from the maxilla.
Axial imaging of the secondary palate has been further investigated by Faure et al 8 and Pilu and Segata. 9 Faure et al 8 conducted a prospective study in which ultrasound scans in which the anterior axial view of the palate was obtained, and the 3D underside of the fetal palate was rendered. The palate, and its associated anatomical components, was visualized in all 100 cases at gestational ages ranging from 17, 22, 27, and 32 weeks, 8 although some patients did have to return for a second examination. Using tomographic ultrasound imaging, Pilu and Segata 9 found that acquiring a volume of the secondary palate with an angle of insonation of 45 degrees allowed for complete evaluation of the secondary palate. The 45-degree insonation was thought to aid in overcoming shadowing by the alveolar ridge when imaging the secondary palate. Fifteen normal and 1 abnormal fetuses were correctly diagnosed with this technique. This method, however, is dependent on optimal fetal positioning. Evaluation of the soft palate component of the secondary palate is still limited. Although reports using 3DUS to diagnose isolated soft palate clefts are described, 10 there is still difficulty in consistently imaging this area because of artifact. In our experience, the false-positive rate is high mainly because of shadowing.
FACIAL PROFILE
The normal facial profile can be displayed with multiplanar or rendered display ( Midface hypoplasia is often seen in the setting of skeletal dysplasias such as achondroplasia (Fig. 5 ) and thanatophoric dysplasia.
MICROGNATHIA AND RETROGNATHIA
Micrognathia is defined as insufficient size of the mandible, whereas retrognathia is abnormal recession of the chin. 11 Micrognathia is associated with Pierre Robin and Treacher Collins syndromes (Fig. 6 ) and with chromosomal anomalies such as trisomy 13, 18, triploidy, and translocations or gene deletions. 12 These abnormalities can be associated with airway obstruction due to abnormal positioning of the tongue. Identification of these abnormalities can allow for delivery planning including an ex utero intrapartum treatment procedure and for a neonatologist and other specialist to aid in the management of potentially difficult airways. The fetal profile has been shown to be adequately obtained in only 69% of cases using 2DUS alone. 12 This limitation can lead to misdiagnosis of malformations, and 3DUS allows for a true profile to be reliably obtained in most fetuses.
Mandibular disorders have traditionally been diagnosed by subjective evaluation of the chin on profile evaluation. Recently, in an attempt to use objective measures, Rotten et al 11 described 2 indices to aid in the diagnosis. The first measurement involves the inferior facial angle for assessment of posterior displacement (retrognathia). The second is the ratio of mandible width to maxilla width for assessment of restriction in size (micrognathia). 11 His group found that an inferior facial angle of less than 49.2degrees (mean j 2 SDs) defined retrognathia, 11 whereas a mandible width/maxilla width ratio of less than 0.785 was diagnostic of micrognathia. 11 Paladini et al 13 introduced the measurement of the anteroposterior and laterolateral diameter of the mandible to calculate the jaw index to diagnose micrognathia.
METOPIC SUTURES
Cranial sutures and fontanelles are sites of bone expansion both prenatally and postnatally, allowing for progressive development of the brain and skull bones.
14 Craniosynostosis, or abnormal development of the sutures and fontanelles, may be an isolated finding but can be associated with various chromosomal aberrations or syndromes. 15 Historically, prenatal sonographic diagnosis of craniosynostosis has been difficult, with most cases diagnosed in the first year of life.
14 Conventional 2DUS allows for only limited evaluation of sutures and fontanelles as cross-sectional slices. 14, 16 Most cases of craniosynostosis are identified because of an abnormal shape of the head on 2DUS imaging.
Three-dimensional ultrasound has been shown to reliably identify most cranial sutures and fontanelles.
14Y16 It is unclear, however, whether craniosynostosis will be identified without abnormal head shape by only imaging the sutures. Pretorius and Nelson 16 suggested in 1994 that 3DUS could be used in evaluating the fetal cranial sutures and fontanelles. Dikkeboom et al 15 demonstrated satisfactory visualization of the metopic, coronal, squamosal, and lambdoid sutures as well as anterior, sphenoid, and mastoid fontanelles in 82% to100% of 120 cases. However, they noted that the sagittal suture and posterior fontanelle were more difficult to identify. They also found that image quality decreased with advancing gestational age. Faro et al 17 used 3DUS to describe the morphology and normal development of the fetal frontal bone and metopic suture between 9 and 34 weeks of gestation. In the first trimester, they observed that ossification of the frontal bones occurs in medial and lateral directions from a supraorbital ossification center. The frontal bones expand radically in the second trimester, delineating the metopic suture in the midline (Fig. 7) . At approximately 32 weeks of gestation, onset of closure of the metopic suture was observed, starting in the supranasal region and extending superiorly toward the anterior fontanelle.
Abnormal development of the fetal metopic suture can be associated with other fetal malformations and numerous genetic syndromes. 17, 18 Several studies have used 3DUS in evaluating abnormalities of the metopic suture. 18, 19 Faro et al 19 evaluated the metopic sutures in fetuses with holoprosencephaly, trisomy 21, and Apert syndrome. Measurements of the height and gap between the frontal bones were compared between the abnormal and normal fetuses. Holoprosencephaly was associated with accelerated bone development and premature closure of the metopic suture in the first trimester. 20 Fetuses with Apert syndrome were noted to have a wide gap in the metopic suture (15Y23 mm) at 22 to 27 weeks of gestation. 21 No differences in development of the frontal bones and metopic sutures were noted between trisomy 21 fetuses and healthy fetuses in the first trimester. 19 In another study, Chaoui et al 18 used 3DUS to describe 4 general patterns of abnormal development of the metopic suture: V-or Y-shape, U-shape, premature closure, and presence of an additional bone. They observed V-, Y-, and U-shaped metopic sutures in fetuses with facial defects and confirmed previous reports of an association of premature closure with holoprosencephaly.
NASAL BONE
The fetal nasal bone develops from paired ossification centers in a membrane that covers the cartilaginous nasal capsule. 22 Absence or hypoplasia of the nasal bone is associated with an increased risk of Down syndrome. Assessment of the fetal nasal bone has been performed primarily with 2DUS using the facial profile view. This technique, however, is technically difficult and requires proficiency to obtain a perfect midsagittal image. 23 To overcome the limitations of 2DUS in evaluation of the fetal nasal bone, 3-dimensional multiplanar imaging was proposed as an alternate method. With this technique, Lee et al 24 identified 40% to 45% of Down syndrome fetuses in the second and early third trimester using absence of the nasal bone as a sonographic marker (Fig. 8) . Rembouskos et al 25 examined the fetal nasal bone at 11 to 14 weeks' gestation and found that 3D multiplanar imaging does allow a perfect midsagittal view of the fetal face to be obtained for assessment of the nasal bone. However, they noted that the extent to which the nasal bone can be demonstrated in the reconstructed image is dependent on obtaining a good initial 2D view. Recent studies have used a 3D volume rendering technique that displays the fetal bony facial structures and allows assessment of the nasal bones. Gon0alves et al 26 and Benoit and Chaoui 27 identified 3 nasal bone ossification patterns in second-trimester fetuses: (1) normal development with the paired nasal bones visualized as a single structure fused in the midline, (2) delayed ossification with unilateral or bilateral nasal bones not fused in the midline, and (3) absent nasal bones. They confirmed previous findings that absence of nasal bones is associated with the highest risk of Down syndrome. Importantly, they suggested that these ossification patterns may be indistinguishable on 2DUS or multiplanar 3DUS. Similarly, Benoit and Chaoui 27 demonstrated more accurate evaluation of the paired nasal bones with 3D rendered images. They observed unilateral absence of the nasal bone in 3 of 20 fetuses with Down syndrome. Furthermore, a discrepancy between 2D and 3D findings was noted in 3 of 9 cases; unilateral absence of a nasal bone was identified on 3DUS when complete absence had been noted on 2DUS.
ORBITS
Abnormalities of the fetal orbits include hypotelorism and hypertelorism, masses, anophthalmia, microphthalmia, and cataracts. 28 A multitude of genetic syndromes and chromosomal abnormalities can be associated with any of these findings.
Hypotelorism refers to abnormal closeness of the eyes, whereas hypertelorism refers to an abnormally increased distance between the eyes. Measurements of the biorbital and interorbital distances are made in the transverse view of the orbits on 2DUS. There are no published studies to date examining the role of 3DUS in assessing hypotelorism or hypertelorism. In a few case reports, however, 3DUS has been used to confirm these orbital abnormalities as well as other facial dysmorphic features (Fig. 9 ).
29Y31
Orbital and periorbital masses include dacrocystocele, frontal encephalocele, glioma, hemangioma, and teratoma. 32 Prenatal diagnosis by 2DUS is difficult, although location, Doppler findings, and associated structural abnormalities can help to distinguish these masses. Congenital dacrocystocele is a dilatation of the lachrymal drainage system due to obstruction of the proximal and distal ducts, resulting in a collection of mucous or amniotic fluid. 28 It is often detected on 2DUS as a periorbital mass located medial and inferior to the orbit. There have been few case reports using 3DUS in the diagnostic evaluation of a dacrocystocele. Petrikovsky and Kaplan 33 found that the 3D image relieved parental concern over facial distortion by bilateral dacrocystoceles. Sepulveda et al 34 reported that 3D sonography allowed for the precise localization and degree of intranasal extension of the lesion in their 3 cases. Chmait et al 35 demonstrated excellent visualization of a suspected unilateral dacrocystocele on 3DUS, which ultimately was diagnosed as a nasal glioma postnatally.
EARS
Fetal ear abnormalities can be associated with chromosomal aberrations such as trisomy 13, 18, and 21, as well as a variety of genetic syndromes. 36, 37 Microtia, large ears, or abnormal position are characteristic of many congenital anomalies. 37 The Treacher Collins syndrome, Fraser syndrome, CHARGE association, and VACTERL association are all related to a malformed ear. 36, 37 Several authors have suggested the application of fetal ear length and width measurements for the prediction of aneuploidy, but the results have been controversial. 38Y40 Prenatal identification of an anomalous ear has been quite difficult, however, because of the complexity of the fetal ear and the limitations of conventional 2DUS.
Assessment of the fetal ear using 3DUS has now been evaluated in a few studies, with promising results (Fig. 10) . Shih et al 36 successfully reconstructed 3D images of 1 or both ears in more than 80% of fetuses in their study and demonstrated greater accuracy and clarity as compared with 2DUS. They found that 3DUS of the fetal ear allowed better recognition of ear shape, ridge pattern, and helix development and provided information on cranial location, axis, and orientation of the ear. Similarly, Chang et al 37 found 3DUS to be superior to 2DUS in the qualitative evaluation of the fetal ear. They also proposed a nomogram of fetal ear length, width, and area for normal pregnancies and suggested that the combination of these parameters may aid in enhancing the detection rate of aneuploidy.
Two cases of Treacher Collins syndrome initially diagnosed by findings on 3DUS have been reported (Fig. 6) . 41, 42 In both cases, the characteristic craniofacial features of micrognathia, downward slanting palpebral fissures, and low-set malformed ears were more clearly seen by 3DUS and proved to be helpful in refining the diagnosis prenatally.
BONDING
Parents related to the images of the fetus and particularly, the fetal face. Many investigators have reported that 2DUS images increase bonding between parents and their fetuses.
43Y45
Three-dimensional ultrasound images are very appealing to parents and probably also increase bonding. 46Y50 Pretorius et al 51 reported that 3DUS was very beneficial for the following patients: previous anomalies or fetal demise, surrogate parents, hospice patients carrying fatal anomalies, infertility, and family history of anomalies. Ji et al 46 reported on 100 patients, 50 with 2DUS and 50 with 3DUS and found that the patients with 3DUS shared their photographic images with more people (median, 27.5) compared with those who had 2DUS (median, 11.0). 47 Pretorius et al 47 studied 189 parents using a validated questionnaire that had been modified for fetuses (that had initially been tested for maternal-attachment in neonates) and found that bonding was increased. 48 Parental drawings have also been used to suggest that there is increased bonding after patients undergo 3DUS. 52 Rustico et al 49 found little difference in maternal emotional status between women who had 2DUS alone compared with women who had 2DUS and 4DUS.
Much controversy exists as to whether parents should be allowed to have 3DUS studies for bonding alone, not as part of a diagnostic ultrasound study performed for medical indications. The Federal Drug Administration and the American Institute of Ultrasound in Medicine have both developed statements that say ultrasound should only be performed on fetuses for medical indications. The medical community is concerned about nonmedical use of ultrasound for the following reasons: studies performed by commercial vendors may not have adequate training to understand the biohazards of ultrasound and may misinterpret the images, both missing abnormalities and identifying normal findings as abnormalities. Academic physicians have varying opinions. 50 wrote in an editorial that many instruments began as single-use devices and, only later, were used for many different reasons (eg, computer, microscope, and camera). He suggests that to ban or condemn use of ultrasound for entertainment is wholly inconsistent with our acceptance of many other goods and services that provide enjoyment, while carrying a small potential risk. 50 
TECHNICAL POINTS
Currently in our laboratory, we perform 3-dimensional ultrasound (3DUS) evaluation of the fetal face when it aids in the diagnosis of a suspected anomaly on 2DUS or if it is requested by referring physicians for diagnostic purposes. The timing of the evaluation is typically optimal at 22 weeks; however, with the rising rates of first trimester screening, we now are able to perform 3DUS of the face as early as 12 weeks; in patients at risk for cleft lip and palate, we generally do our first examination at 18 weeks, although we have seen abnormal faces as early as 12 weeks. Minimum requirements to perform 3DUS, include multiplanar display, rendered display, 3DUS, and 4-dimensional ultrasound (4DUS). Presets for surface rendering and skeletal display are also used. Fourdimensional ultrasound aids in rendering and movement, whereas 3DUS allows for improved multiplanar and multislice rendering. Typically, our examinations are scheduled for 60 minutes. If upon examining the fetal face we note that fetal positioning is not optimal, we have the mother perform toe touches, walk around, or empty her bladder. If diagnostic evaluation is still not possible, we may need to reschedule her visit.
SUMMARY
Three-dimensional ultrasound has become an important tool as an adjunct to 2DUS in the evaluation of the fetal face. It allows for better characterization of the normal anatomy of the fetal face and has increased the diagnostic accuracy of anomalies. Three-dimensional ultrasound can also enhance parents' understanding of the anomalies and may allow for earlier bonding with their fetuses. It is important for sonologists and sonographers to have an understanding of how to evaluate the fetal face with 3DUS.
